Dkt. 06096 

ttj THE UNITED STATES PAT ENT AND TRADEMARK OFFICE 

in re Application of: Group Art Unit: 06096 

MOHAMED ALI BEN LAKHDHAR et al T< DuQng 

Serial No. : 10/597,371 
Filed: October 4, 2006 

For: METAL FIN FOR AIR HEAT EXCHANGER 

RF. QTTF.ST FOR REPUBLICATION OF APPLICATION 

Honorable Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Sir: 

Applicants request republication of U.S. Patent 
Application Publication 2008/0164013. 

This request is made in accordance with 37 CFR 1.221(b), 
based upon a material mistake made by the United States Patent 
and Trademark Office. In this case, the material mistake is 
the identification of the inventor as "Eric Maziers of Seneffe 
(BE)," who is clearly not an inventor according to United 
States Patent and Trademark Office records. 

While this request is not made within two months of the 
patent application publication, Applicants point out that the 
original Request for Correction was made on April 15, 2008, 
prior to the publication, and while the Filing Receipt for 
this application was corrected, the publication was not. In 



1 



addition, a Second Request for Correction was made on July 31, 
2008, within one month after the publication. 

Given the multiple requests for correction which were 
made, Applicants request that the two month period be waived 
on the basis that the request for correction constitute a 
constructive request for republication. A copy of the 
application in compliance with the Office electronic filing 
system requirements is attached hereto. 

Respectfully submitted, 



Ira J. Schultz 
Registration No. 28666 



2 



iiiiiiiiiiiiiiuiiriiii iiiiiiiiiiiiii 

US20080164013A1 

d9) United States 

(12) Patent Application Publication (io) Pub. No.: US 2008/0164013 Al 

Maziers (43) Pub. Date: Jul. 10, 2008 



(54) METAL FIN FOR AIR HEAT EXCHANGER 

(75) Inventor: Eric Maziers, Seneffe (BE) 

Correspondence Address: 
DENNISON, SCHULTZ & MACDONALD 
1727 KING STREET, SUITE 105 
ALEXANDRIA, VA 22314 

(73) Assignee: LGL FRANCE, Mions (FR) 

(21) Appl.No.: 10/597,371 

(22) PCT Filed: Feb. 4, 2005 

(86) PCT No.: PCT/FR2005/000254 

§ 371 (c)(1), 

(2), (4) Date: Oct. 4, 2006 



(30) Foreign Application Priority Data 

Feb. 6,2004 (FR) 0401169 

Publication Classification 

(51) Int. CI. 

F28D 1/04 (2006.01) 

(52) U.S.C1 165/151 

(57) ABSTRACT 

The invention concerns a metal fin for heat exchanger with 
rubes, comprising means for increasing heat transfers con- 
sisting of diverting conformations (10,11) each arranged 
upstream and downstream of an aperture (3) when consider- 
ing the direction (F) of air flow, to force the air to pass either 
side of said aperture, the upstream (10) and downstream (11) 
diverting conformations of two superimposed apertures (3) 
belonging to one same column extending along a determined 
length so that they substantially rejoin at the plane of exten- 
sion (P) of offset apertures. 
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METAL FIN FOR AIR HEAT EXCHANGER 



[0001] The present invention pertains to the technical area 
of air heat exchangers and finds application in the sphere of 
heat exchangers in their general meaning. 
[0002] The subject of the invention more particularly con- 
cerns the metal fins used in heat exchangers, mechanically 
assembled to tubes to form indirect transfer surfaces intended 
to increase the heat exchange surface areas between firstly 
tubes in which a first cold or hot liquid circul ates and secondly 
a second fluid such as air which circulates between the tubes 
and along the surfaces of the fins in a determined flow direc- 
tion. 

[0003] These fins are generally made in the form of plates 
arranged parallel to each other and spaced apart over a deter- 
mined pitch in relation to the intended application. Tubes pass 
through these fins to which the fins are crimpled via a 
mechanical or hydraulic process. 

[0004] For dry surface exchangers, the global coefficient of 
heat transfer chiefly depends on air velocity, the ratio of the 
airside and fluid side surface areas, and on the efficacy of the 
fins. An efficient fin translates as an airside thermal resistance 
that is as low as possible (or an airside heat transfer coefficient 
as high as possible) whilst having the lowest possible air 
pressure loss. 

[0005] In the prior art, various forms of embodiment of fins 
are known. One first known type is a fin in the form of a planar 
plate. This planar fin has the advantage of having very low 
pressure drop. However, the disadvantage of this planar fin is 
its very strong airside thermal resistance. 
[0006] To overcome the low heat exchange capacity of the 
planar fin, it is known to have recourse to so-called louvered 
fins, comprising fixed inclined slats spaced apart by openings 
allowing the air to pass. The advantage of the louvered fin is 
its low airside thermal resistance. However, the louvered fin 
has very high pressure drop and can undergo heavy fouling on 
account of its geometry. 

[0007] A so-called patterned slat is also known comprising 
corrugations in the direction of the air flow. The profile of 
these fins generates zones of turbulence, vectors of strong 
heat transfer, but also dead zones in the proximity of the tubes 
where heat transfers are much lower. A variant of this embodi - 
ment is illustrated by U.S. Pat. No. 4,434,846 which sets out 
to guide air in the direction of the tubes, which leads in 
particular to a pressure loss. 

[0008] Analysis of known fins leads to ascertaining that the 
various variants of embodiment of means to increase heat 
exchanges between the air and fins are not satisfactory in 
practice. 

[0009] The object of the invention is therefore to overcome 
these disadvantages of known fins by proposing a fin for heat 
exchanger showing low load loss whilst having an airside 
thermal resistance that is as low as possible. 
[0010] To achieve these objectives, the subject of the inven- 
tion concerns a metal fin for tube heat exchanger, forming an 
indirect exchange surface intended to increase heat transfer 
between the tubes, in which a fluid circulates, and the air 
which circulates between the tubes and along the surface of 
the fin in a determined flow direction, the fin comprising a 
scries of mounting collars for the tubes and means for increas- 
ing heat exchanges between the air and the fin. According to 
the invention, the means for increasing heat exchanges con- 
sist of: 



[0011] diverting conformations each arranged upstream 
of an aperture considering the direction of the air stream, 
to force the air to pass either side of said aperture; 
[0012] diverting conformations which, considering the 
direction of the air stream, are each arranged down- 
stream of an aperture belonging to a row to force the air 
to pass either side of apertures belonging to a subsequent 
row, the upstream and downstream conformations of 
two superimposed apertures belonging to one same col- 
umn extending along a determined length to substan- 
tially rejoin at the plane of extension of staggered aper- 
tures and belonging to an intermediate row with respect 
to the upstream and downstream rows to which the 
superimposed apertures belong. 
[0013] According to the invention, the upstream and down- 
stream diverting conformations are dimensioned so that at air 
velocities of between 1 and 5 m/s, the fin has an air pressure 
drop per streamline of between 0.3 and 4 mm WC (water 
column) respectively, and an airside thermal resistance of 
between 0.016 and 0.008 m 2 K/W respectively. 
[0014] It is to be considered that the inventive fin has a 
pressure drop equivalent to that of a planar fin while offering 
thermal resistance that is greater than with a louvered fin and 
relatively to close to that of a patterned fin. 
[0015] According to the invention the upstream diverting 
conformation and the downstream diverting conformation for 
one same aperture have mirror symmetry with respect to the 
plane of extension perpendicular to the direction of the air 
flow. 

[0016] According to one characteristic of embodiment, the 
upstream diverting conformation and the downstream divert- 
ing conformation for one aperture are increasingly inclined 
from the distal edge to the proximal edge of each conforma- 
tion with respect to the aperture and in the direction of the air 
flow. 

[0017] According to another characteristic of embodiment, 
the width of each diverting conformation increases from its 
distal edge to its proximal edge. 

[0018] According to one example of embodiment, each 
diverting conformation has a substantially semi-elliptical 
contour. 

(0019] Preferably, each downstream and upstream confor- 
mation lias a curved profile along a transverse direction with 
respect to the flow direction. 

[0020] Advantageously each diverting conformation is 
extended at its proximal edge in the direction of the aperture 
via a deflecting sidewall. 

[0021] Preferably, in the direction of the air flow, the mea- 
surement of the deflecting sidewall is smaller than the mea- 
surement of the associated diverting conformation. 
[0022] According to another characteristic of embodiment, 
each diverting conformation projects from one side of the fin 
and is recessed on the other side of the fin. 
[0023] Another object of the invention is to propose a heat 
exchanger equipped with a series of inventive metal fins 
mounted on the circulation tubes of a fluid. 
[0024] Various other characteristics will arise from the 
description given below with reference to the drawings 
which, as non-restrictive examples, illustrate forms of 
embodiment of the subject of the invention. 
[0025] FIG. 1 is a perspective view showing a partial view 
of the mounting of the inventive fins on tubes to form a heat 
exchanger. 

[0026] FIG. 2 is a plan view of an inventive fin. 
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[0027] FIG. 3 is a cross-section view along lines A-A of 
FIG. 2. 

[0028] FIG. 4 is a view on a larger scale substantially along 
lines B-B of FIG. 2. 

[0029] As is clearly shown in FIGS. 1 and 2, the subject of 
the invention concerns a metal fin 1 intended for use in a heat 
exchanger, whose purpose is to allow heat transfer between a 
first fluid such as a coolant circulating inside tubes 2 and a 
second fluid such as air which circulates outside the tubes 2. 
The exchange surface, namely the walls of tubes 2 is 
increased through the use of fins 1 forming indirect exchange 
surfaces. 

[0030] Each fin 1 is made from a metal plate e.g. alu- 
minium, an aluminium alloy or copper. In conventional man- 
ner, each fin 1 is provided with apertures 3 through which 
tubes 2 pass. Each aperture 3 is bordered by a collar 5 for 
mounting a tube 2. In conventional manner the fins 1 are 
crimped onto the tubes 2 at the collars 5. 
[0031] The insertion apertures 3 are organized so that they 
lie in rows R D R 2 . . . R, parallel to each other and each 
extending along a plane of extension P which is perpendicular 
to the direction of the air flow E. In the illustrated example the 
air flows along a flow direction indicated by arrows F and 
thereby passes through all the rows Rl, R2, . . . Ri forming a 
streamline. In conventional manner the air flow is pulsed to 
obtain a flow in a general direction that is substantially recti- 
linear. After passing through the fins, the air stream exits 
freely. 

[0032] Also in conventional manner, the tube insertion 
apertures 3 are organized so that they extend quincunx fash- 
ion. In other words, the apertures 3 of two successive rows are 
staggered by a determined pitch so as to form a first group of 
uneven rows (R,, R 3 , . . . ), whose apertures 3 are superim- 
posed and distributed over a series of uneven columns (C u 
C 3 , C 5 , . . . ) parallel to the direction of flow E, and a second 
group of even rows (R 2 , R 4 , . . . ) whose apertures 3 are 
superimposed and distributed along a series of even columns 
(C 2 , C 4 , C 6 , . . . ) parallel to direction E and each lying 
between two uneven columns. 

[0033] Each fin 1 comprises means 7 enabling heat 
exchanges to be increased between the air and the fin. 
[0034] According to the invention, the means 7 for increas- 
ing heat exchanges consist of diverting conformations 10 
each arranged at least upstream of an aperture 3 or collar 5 
when considering the direction of air flow E, to force the air to 
pass either side of said aperture 3 or collar 5 and hence of tube 
2 which crosses through said aperture 3. These diverting 
conformations 10 therefore prevent the air from directly hit- 
ting the tube 2, deflecting the air streaks away from it. These 
so-called upstream diverting conformations 10 make it pos- 
sible to channel the air on the surface of the fins positioned 
either side of the apertures 3 and hence either side of the tubes 
2. 

[0035] According to one characteristic of the invention, the 
means 7 for increasing heat exchanges also comprise divert- 
ing conformations 11 each arranged, when considering the 
direction of air flow E, downstream of an aperture 3 belonging 
to a row to force the air to pass either side of apertures 3 
belonging to a subsequent row. In other words, as can be seen 
FIG. 2, the diverting conformations 11 made downstream of 
each aperture 3, e.g. of the first row R ls can channel the air to 
force it to pass either side of apertures 3 and hence of tubes 2 
belonging to the second row R 2 . It is to be understood that the 
diverting conformations 10, 11 form projecting or raised sur- 



faces with respect to the plane of the fin promoting the main- 
tained contact of the air with the fin surface whi 1st channelling 
the air so that it bypasses tubes 2. 

[0036] Advantageously, the upstream diverting conforma- 
tion 10 and the downstream diverting conformation 11, 
arranged between two successive superimposed apertures 3 
belonging to one same column, each extend along a deter- 
mined length so that they substantially rejoin at the plane of 
extension P of staggered apertures 3 and belonging to an 
intermediate row with respect to the upstream and down- 
stream rows to which the two superimposed apertures belong. 
For example, the downstream 11 and upstream 10 diverting 
conformations of apertures 3 respectively belonging to the 
first row R, and third row R 3 of the third column C 3 are 
adapted so that the air can be channelled over the surface of 
the fin located between apertures 3 of the second row R 2 
belonging to neighbouring columns C 2 , C 4 . Said arrangement 
of diverting conformations makes it possible to reduce dead 
zones for the air either side of apertures 3 and hence of tubes 
2 whilst limiting pressure drops, since the effects of the 
diverting conformations 10, 11 are reduced at the surface of 
the fin positioned between two neighbouring apertures 
belonging to neighbouring columns. At this surface the air 
returns to non-disturbed flow since this surface has no or 
scarcely no conformations. 

[0037] It is to be considered that the upstream 10 and down- 
stream 11 conformations are sized so that at air velocities of 
between 1 and 5 m/s the fin 1, per streamline, has an air 
pressure loss of between 0.3 and 4 mm WC (water column) 
respectively, and an airside thermal resistance of between 
0.016 and 0.008 m 2 K/W respectively. The inventive fin 1 
therefore has an air pressure loss equivalent to that of a planar 
fin while its thermal resistance is greater than a louvered fin 
and relatively to close to that of a patterned fin. 
[0038] According to one preferred embodiment, the 
upstream 10 and downstream 11 conformation for one same 
aperture 3 have mirror symmetry with respect to the plane of 
extension P of a row of apertures 3 which is perpendicular to 
the direction of the air flow E. Each upstream 10 and down- 
stream 11 conformation, with respect to an aperture 3, there- 
fore has a distal edge 12 and a proximal edge 13. Advanta- 
geously the upstream 10 and downstream 11 conformation 
are inclined at an angle a which becomes increasingly larger 
from the distal edge 12 as far as the proximal edge 13 along 
the direction of air flow E. For example the angle o ( incline o 
may lie between 4 and 1 5° being around 7°. According to this 
variant of embodiment, it is to be noted that the distal parts 12 
of neighbouring upstream and downstream conformations 
belonging to one same column cause practically no air dis- 
turbance. 

[0039] As arises more clearly from FIG. 3 each upstream 10 
and downstream 11 conformation has a curved profile along 
a transverse direction with respect to the direction air flow E. 
Advantageously each upstream 10 or downstream 11 confor- 
mation lias a width, measured transversal ly with respect to the 
direction of air flow E, which increases gradually from its 
distal edge 12 to its proximal edge 13. As shown more clearly 
FIG. 2 each upstream 10 or downstream 1 1 conformation has 
a substantially semi-elliptical contour. In other words, an 
upstream 10 and downstream 11 conformation, associated 
with one same aperture, together have an elliptical contour. 
Therefore each distal edge 12 or proximal edge 13 of an 
upstream or downstream conformation has a rounded contour 
facing the same direction as the corresponding part of aper- 
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ture 3. Preferably each upstream 10 or downstream 11 con- 
formation is extended from its proximal edge 13 in direction 
of the aperture 3 by a deflecting sidewall 15 ending at the base 
of the neighbouring collar 5. Each deflecting sidewall 15 is 
therefore inclined in a direction contrary to the direction of 
incline of the upstream 10 and downstream 11 conformations. 
As clearly shown in the figures, the measurement of the 
deflecting sidewall 15 in the direction of flow E is largely 
smaller than the measurement of the associated conformation 
10, 11 as measured between the distal 12 and proximal 13 
edges. In other words, each imprint formed by a deflecting 
sidewall 15 and an upstream 10 or downstream 11 conforma- 
tion has a dissymmetrical profile along the direction of flow E 
as shown FIG. 4. 

[0040] As follows from the above description, the upstream 
10 and downstream 11 conformations project from one side 
of the fin and are recessed on the other side of the fin. Said fins 
1 are intended to be mounted alongside each other each being 
oriented in the same direction, to form a heat exchanger. 
[0041] The invention is not limited to the described, illus- 
trated examples since various modifications can be made 
thereto without departing from the scope of the invention. 

1 . Metal fin for tube heat exchanger (2), forming an indirect 
exchange surface intended to increase heat transfer between 
the rubes (2), in which a fluid circulates, and the air circulating 
between the tubes and along the surface of the fin in a deter- 
mined direction of flow, the fin comprising a series of mount- 
ing collars (5) for the tubes (2) and means (7) for increasing 
heat exchanges between the air and the fin, characterized in 
that the means for increasing heat exchanges consist of: 
at least diverting conformations (10) each arranged 
upstream of an aperture (3) when considering the direc- 
tion of air flow (F) to force the air to pass either side of 
said aperture, 

and diverting conformations (11) each arranged, when 
considering the direction of air flow (F), downstream of 
an aperture (3) belonging to a row to force the air to pass 
either side of apertures belonging to a subsequent row, 
the upstream (10) and downstream (11) diverting con- 
formations of two superimposed apertures (3) belonging 
to one same column extending along a determined 
length so that substantially rejoin at the plane of exten- 
sion (P) of staggered apertures belonging to an interme- 



diate row with respect to the upstream and downstream 
rows to which the superimposed apertures belong. 

2 . Metal fin as in claim 1 , characterized in that the upstream 
(10) and downstream (11) diverting conformations are sized 
so that at air velocities of between 1 and 5 m/s the fin, per 
streamline, has an air pressure loss of between 0.3 and 4 mm 
WC (water column) respectively and an airside thermal resis- 
tance of between 0.016 and 0.008 m 2 K/W respectively. 

3. Metal fin as in claim 1, characterized in that the upstream 
diverting conformation (10) and the downstream diverting 
conformation (11) for one same aperture (3) have mirror 
symmetry with respect to the plane of extension (P) perpen- 
dicular to the direction of air flow (E). 

4. Metal fin as in claim 3, characterized in that the upstream 
diverting conformation (10) and the downstream diverting 
conformation (11) for one aperture (3) are increasingly 
inclined from the distal edge (12) to the proximal edge (13) of 
each conformation with respect to the aperture and in the 
direction of the air flow. 

5. Metal fin as in claim 4, characterized in that the width of 
each diverting conformation (10, 11) increases from its distal 
edge (12) to its proximal edge (13). 

6. Metal fin as in claim 5, characterized in that each divert- 
ing conformation (10,11) has a substantially semi-elliptical 
contour. 

7. Metal fin as in claim 4, characterized in that each 
upstream (10) and downstream (11) conformation has a 
curved profile in a transverse direction with respect to the 
direction of flow (E). 

8. Metal fin as in claim 4, characterized in that each divert- 
ing conformation (10,11) is extended from its proximal edge 
(13) in the direction of the aperture (3) by a deflecting side- 
wall (15). 

9. Metal fin as in claim 8, characterized in that in the 
direction of flow (E) the measurement of the deflecting side- 
wall (15) is smaller than the measurement of the associated 
diverting conformation (10,11). 

10. Metal fin as in claim 1, characterized in that each 
diverting conformation (10,11) projects on one side of the fin 
and is recessed on the other side of the fin. 

11. Heat exchanger characterized in that it comprises a 
series of metal fins each conforming to claim 1 and mounted 
on tubes (2) in which a fluid circulates. 



